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ABSTRACT Dist Special

Aircrew In the Canadian Forces who require optical correction
are required to wear conventional spectacles. The use of contact
lenses would alleviate many problem posed by eyeglasses. Concern has
been expressed that* contact lenses my sliP excessively, or be lost
from the eye under conditions or increased +Gie

Experienced contact lens wearers were exposed to .4Oz in the
DCIEM centrifuge. Each subject was wearing a pair of 15 ma-soft con-
tact lenses. Each lens was marked with a 12 mn white cross to facili-

0 tate observation of movement. Movement of the lenses was filmed with
a high-speed LOCAJI camera ith telephoto lens. The resulting film was
projected and the magnified movement along the -z axis was measured
using the Iris as a reference. These measurements were then corrected
to real values. Each subject was examined with a slit lamp before and
after +0: exposures for objective evaluation of fit and movement of

Vthe lenses.

It was observed that the soft contact lenses were displaced
along the -z axis with Increasing .0: In most cases. After being dis-
placed at peak 0 the lenses did not Immediately return to their origi-
nal position with reduction of 0. It was further observed from the
film that at no time wa lens slippage great enough to prevent a sub-
jeat from receiving optical correction. The amount of slippage
between subjects Is highly variable. Blinking action and facial tons-
Ing also affect the amount of moemsnt.st

It has been confirmed that stanard 15 mm oI1A soft contact
tlenses are suitable for aircrew who do not experience more then ol

tGs at ea level.

a *hsedLCMomr lhtlpooln.Ternll fl a
pro~~te an th mantfid mvemnt lon the-z xiswasaesure
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INTRODUCTION,

Soft contact lenses have been suggested for use by military
aviators in an effort to avoid problems presented by conventional
spectacles. Some of the many problems which the use of contact lenses
partially alleviate are:

a. F ogging of lenses during cold weather operations.

b. Glare from light reflection off the back of spectacle
lenses.

0. Interference of the visual field due to debris collecting
on lenses.

d. Interference of the visual field due to frames.

e. Interference of lenses and frames with scopes, binoculars
and sighting devices.

f. Interruption of the ear cup seal of helmets with subse-

quent degredation of hearing protection.

g. Poor Interfacing of spectacles and oxygen mask.

h. Poor oompatability with chemical warfare respirators.

By avoiding many of the above mentioned drawbacks, the effi-
ciency of aircrew can be improved and hence a tactical advantage
achieved.

As part of an evaluation of the role of soft contact lenses In
the Canadian military environment, a study was undertaken to determine
if clinically significant displaoement of soft contact lenses occurred
in subjects exposed to .0z forces. Similar work has been reported but
with failure to quantify the movement of the lenses (2, 3, 4).

METHOD

Six healthy male volunteers were fitted with soft contact
lenses and exposed to .Gz forces in the Defence and Civil Institute of
Environmental Medicine (DCIE() human centrifuge.

The lenses used were lathe-out lenses of hydroxyethyl-
methaorylate (RENA) having a water content of 40 per cent and refrac-
tive index of 1.4.

A large white arose as Incorporated into the lens material
*during manufacture to facilitate exact determination of Its poeitIon
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on the eye.

* All lenses were 15 mm in diameter with an optical zone of 13 -
diameter and base curve or 9 mm radius. The base curve was slightly
flatter than the curvature of the lenses normally worn by the subjects
and consequently a loose fit was obtained in all oases.

While wearing these contact lenses, all volunteers were given
*one exposure to 5+Gz. Subjects not displaying unacceptable discomfort

were given an additional exposure to 6+Gz. These levels were measured
at id gondola level and calcuation of eye level +Gz was made using a
sitting seat to eye distance of 31 inches.

The acceleration was applied at a rate of onset or approxi-
* mately 0.5 C per second and the peak acceleration held for 3 to 8

seconds. Exact values for eye level 0 and onset rates is presented In
Table 1.

Movement of the contact lenses was filmed using a LOCAN camera
fitted with a telephoto lens run at a rate of 200 frames per second.
The processed film were projected and the magnified displacement of
lenses was measured along the physiological z axis using the iris as a
reference. The position of the lens at 1 0, prior to each run, was
used as the origin for measurements in each run. The magnified values
of displacement were then corrected to real values.

*) Each measurement was subjectively graded as "usable", "poor",
"fair', "good', "very good" or 'excellent". The criteria for assign-
Ing a grade was the accuracy with which a measurement could be made on
the projected image of the lens.

The means and standard deviations were calculated for all data
4. and selected data graded "good" or "better".

DISCUSSION

Usable data was obtained from 18 eyes. In 12 eyes the data
related to the 5G runs (peak eye level G of 4.2) and in 6 eyes to the
60 runs (peak eye level 0 of 5.1).

figures 1 and 2 present the 5 0 runs (peak eye level 0 of 4.2)
and Figure. 3 and 4 present the 6 0 runs (peak eye level 0 of 5.1).

It Was observed that the soft contact lenses were displaced
along the z axis during the +.Oz exposures. In four of the 18 eyes
there was an upward displacement of the lens of from 0.3 mm to 0.8 m
at me time during the run, generally at the time of maxims 0 stress
and probably explained by lid tightness, squeezing and blinking. In
fourteen of the eighteen eyes, there was downward displacement of the
lens which varied from 0. 1 to a maxisa of 3.54 w. The amount of lens
displaeoment between subjects was highly variable and afreted by
blinking, facial tensing and lid tightness but in no subject was the
slippage sufficient to leave the pupil uncovered by the optical zone
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of the lens.

A close examination of the data by group confirms the role of
blinking, facial tensing and lid tightness in reducing the amount of
lens slippage. All subjects for the experiment were instructed to
hold their eyes wide open during the course of the 0 exposure in order
to obtain usable photographs. Those exhibiting a high degree of self
control and relative comfort with G were able to do this successfully.
These will be referred to as "non-blinkers". Others were less sue-
oestul and will be referred to as "blinkers".

Figure I (All Data for 5 0 Runs) illustrates a typical expo-
sure. The lens Moves down with Increasing 0 and continues its move-
ment. down while at peak G until a maximum is reached. With 0 offset
the lens coincidentally moves up but does not return to the original
position until the subject blinks. This group of subjects was a mix-
ture of *blinkers* and "non-blinkers".

Figure 3 (All Data for 6 a Runs) was obtained from those sub-
jects who could demonstrate good self control in the centrifuge and as
such were primary "non blinkers". Without blinking and face tensing,
the lens descends with increasing G and tends to level off and remain
constant shortly after peak 0, but does not return upon offset of G.
The lenses did return to their normal position with blinking after the
exposure.

The examination of data graded "good" or "better" (Figures 2
and 4I) shows the same pattern of movement with greater confidence in
the accuracy of measurements. Observing the individual film of
"blinkers" and "non-blinkers" confirms this observation.

CONCLUS IONS

Soft contact lenses descend on the eye with increasing .0:.
The amount of slippage is affected by 0, blinking, facial tensing and
lid tightness. At no time was lens slippage great enough to prevent
the subject receiving optical correction.

Standard 15 mm diameter HEMA soft contact lenses are suitable
with respect to .0: acceleration for use by aircrew who do not experi-
ence more than .5.1 Cs at eye level.
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Table 1

G ONSET RATE MID GONDOLA EYE LEVEL
RUN (EYE LEVEL) +Gz

G /sec

1 1

2 1.8
5 G .45 3 2.6

4 3.4
5 4.2

1 1
2 1.8 4
3 2.64 

3.4
5 4.2
6 5.1

Onset rates and oaloulated eye level .0:
for speolfio mid Sondola .0z.
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Figure 1 DISPLACEMENT OF CONTACT LENSES WITH Gz
All data for 5 G runs
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Figure 1. Downward movement of lenbes with =mxii1" eye level +0 of
JI.2 and
upward movement upon reduction or 0. Upward movement Was Influenced
by blinking and facial tensing.
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Figure 2 DISPLACEMENT Of CONTACT LENSES WITH Gz
Data graded good or better for all 5 G runs
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Downward movement of lenses with maximum eye level +Gz of 11.2 and
upward movement upon reduction or 0 where position of lenses were
well deflned.
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Figure 3 DISPLACEMENT OF CONTACT LENSES WITH Gz
All data for 6 G runs
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Downward movement of lenses with maximum eye level 0 of 5.1 and
non-upward movement upon reduction of G. The non-return of the

* lenses was attributed to the lack of blinking and facial tensing
by the subject.
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Figure 4 DISPLACEMENT OF CONTACT LENSES WITH +Gz
Data graded good or better for all 6 G runs
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Downward movement of lenses with maxiumu eye level G of 5.1 and
non-upward movement upon reduction of G where position of lenses
were well defined.


